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Introducti on 

This work Is, in essence, a continuation of previous studies 
to assess the relative toxicity (lethality) to rats of pyrolysis/ 
combustion products of spacecraft materials. While the experi- 
mental design still emphasizes the role of carbon K.ufioxlde in 
the overall pyrolysate toxicity (by analysis of exposure chamber 
atmosphere for carbon monoxide concentration and determination 
of percent carboxyhemogl obi n in rats dying in the chamber), the 
changes in conditions for pyrolysis/combustion (to an in-chamber 
thermodegradation) of test samples prevents direct comparison 
of these toxicity data with most of the data contained in 
previous reports. 

The pyrolysi s/combustion process can apparently exert 
a significant influence upon the absolute toxicity, and maybe 
relative toxicity, of the pyrolysis/combustion products produced. 
Much of the previous toxicity data obtained from spacecraft 
materials utilized a controlled heating rate for thermodegrada- 
tion outside the exposure chamber, and continuous air-flow 
through the chamber during pyrolysis and post-pyrolysis ex- 
posure (the MSTL procedure). The theoretical rationale usually 
stated in support of i n-chainber pyrolysis/combustion is 
based upon the concern that some toxicity is lost due to con- 
densation/precipitation of some thermodegradation products 
from ex^'ernal pyrolysis/combusti on prior to entering the exposure 
chamber. .Tf this were true, then there would be a reduction 
in the observed toxicity from such externally produced 


pyrolysi s/coinbust1on products when compared to in-chamber 
pyrolysis . 

An earlier report (1) presented toxicity data from a 
limited number of samples that were evaluated both by in-chamber 
pyrolysis procedure and by the MSTL procedure (as mentioned 
above). Although it was apparent that condensates did occur 
prior to entrance of pyrolysates into the exposure chamber, 
lethality data did not support the concept that these "high 
boiling" condensates significantly contributed to the lethality 
of the pyrolysis/combustion products. The data, in fact, 
indicated the pyrolysis/combustion products produced by the 
MSTL (outside of chamber) procedure were more toxic than those 
produced by the in-chamber method in every instance where there 
was comparable data. This phenomenon might be due to the 
formation of different gaseous products by the slower rate of 
thermodegradation (by the MSTL method) and/or a longer expo- 
sure period. 

The in-chamber thermodegradation procedure used in the 
currv^nt study does not permit the slow rate of degradation, 
as used in the MSTL procedure, because of (a) the need to 
prevent excessive temperatures (i.e., greater than 35°C) within 
the animal exposure chamber, and (b) the fixed volume of air 
(i.e., static environment during pyrolysis and subsequent 
exposure) contained in the animal exposure chamber may produce 

^W.H. Lawrence and John Autian, "Toxicity of the Pyrolysis 
Pi'oducts of Spacecraft Materials", Annual Report to NASA John- 
son Space Center, July 25, 1978, p. 45. 
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hypoxia in the experimental animals (independent of pyrolysate 
r toxicity) as a result of longer sojourns of animals in chamber, 

coupled with depletion of oxygen by pyrolysis/combustion of 
the test samples. 

The proceeding discussion should be kept in mind in eval- 
uating the subsequent data. These comments may also help to 
understanding why it was sometimes necessary to conduct the 
experiment or test in a particular manner. 

Purpose of Work . The primary objective of this work was 
to obtain information about the relative toxicity of thermo- 
degradation ( pyrolysi s/combusti on) products of spacecraft ma- 
terials supplied by the Technical Monitor. The biological 
activities of the pyrolysis/combustion products were evaluated 
based upon the acute lethality to rats from inhalation of these 
pyrolysates. Post-exposure observation of the rats, coupled 
with histological evaluation of selected organs, serve to 
screen the materials for significant delayed toxic reactions 
resulting from inhalation of their pyrolysis/combustion pro- 
ducts. Also, determination of carbon monoxide concentrations 
in the chamber atmosphere during exposure, and percent car- 
boxyhemogl obi n in animals expiring in the chamber, provide 
some basis for assessing the importance of carbon monoxide 
as a toxicant in the pyrolysis/combustion mixture. 

* Materials and Methodology 

Materials . The code designations and description of the 
test samples, as supplied by the Technical Monitor, included 



1n this study are presented in Table 1* 

Method of Sample Pyrolysis/Combustlon . All samples were 
pyrolyzed/combusted directly in the rat exposure chamber using 
an electric furnace, and all products mixed thoroughly with 

t 

the chamber atmosphere by an electric fan located inside the 
exposure chamber. An experimental constraint which influenced 
pyrolysis/combustion of samples was that of chamber temperature, 
i.e., the chamber temperature was not to exceed 35®C (95“F). 

To accomplish this, the sample was pyrolyzed rapidly (~ 10 minutes) 
and the furnace removed from the chamber to reduce added heat- 
ing of the chamber atmosphere from the furnace as it was cooling 
(i.e., after thermodegradation), 

The first part of this study was performed using a conical 
ceramic furnace with a platinum wire heating element to provide 
rapid, intense heat for thermodegradation of the test sample. 
Initially this system worked quite well, but after awhile 
the furnace began to fail, often breaking down in the middle 
of an experiment. It was found that the exposed platinum 
wire was apparently reacting with the pyrolysis products, 
which resulted in its failure as a heating element. This pro- 
cedure permitted rapid attainment of a high temperature (well 
in excess of 1,000®C) to produce rapid thermodegradation 
(pyrolysis) of the test sample, and thereby minimizing heat- 
ing of the exposure chamber atmosphere. Problems associated 
with this procedure were that the platinum heating element 




degenerated with use, and It was also difficult to quantitatively 
recover sample residues thereby providing, at best, only 
estimates of percent degradation, 

A new furnace was built which was used in the rest of the 
study, It contained heating elements embedded in a high tem- 
perature ceramic type material which were located in the bottom 
and four sides of a rectangular chamber 3" x 3" x 5". These 
heating elements had a maximum temperature rating of 1,200°C. , 
thus exceeding the 1,000“C capability which we desired. A 
removable stainless steel rectangular cup, with Internal dimen- 
sions of 2.5" X 2.5" X 4.5", was constructed to fit closely 
inside the space formed by the heating elements. Since this 
furnace requires much longer to pyrolyze a sample, starting at 
room temperature, than the platinum-wire one, pyrolysis was 
accomplished by pre-heating the furnace (outside of the cham- 
ber) to about 800-900®C, then placing the stainless steel cup 
(containing the test sample) in the furnace opening, and 
immediately placing the furnace and sample in position to 
pyrolyze the sample directly into the rat exposure chamber. 

When pyrolysis was completed this furnace, like the other one, 
was removed from the exposure chamber to prevent additional 
heating of the chamber atmosphere by radiation from the fur- 
nace. The time required for thermodegradation, and the 
increase in chamber temperature, varied depending upon sample 
and quantity of sample. In most cases, however, this could 
be accomplished and still maintain the chamber temperature 
less than 35°C (95°F). One advantage to this system was 



that 1 t provided a more accurate and easier determination of 
sample residue. 

T hermoeravimetric Analyses (TGA) . The thermodegradation 
characteristics of each sample were determined in air and 
nitrogen. This provided general information about the tempera- 
ture required to initiate degradation* to complete degradation, 
expected percent degradation, and some indication of the 
importance of oxidative processes for degradation. 

LD 50 Determinations, The lethality of each sample was 
determined by pyrolyzing specific weights of sample and exposing 
a group of 4 male Sprague Dawley rats to the pyrolysates for 
30 minutes after completio^J of pyrolysis of each sample weight. 
LDsos were calculated for the samples based upon chamber deaths, 
deaths occurring within 48 hours, and those cccurring within 
the 14-day post-exposure observation period. The chamber atmos- 
phere was analyzed for selected gases by use of gas detector 
tubes or gas chromatography, or both. Carboxyhemoglobin (COHb) 
levels were determined in rats which died in the chamber. 

Animals were autopsied, when they died or were sacrificed after 
14-days, and tissues from most of these preserved in buffered 
formalin and subjected to histopathologic evaluation. The 
actual LD50, expressed as Initial weight of sample, which when 
pyrolyzed by this method would kill 505S of exposed rats, 
was calculated by Cornfield and Mantel's modification of Karber's 
method ( 2 ), 

Cornfield and N. Mantel, "Some New Aspects of the Application 
of Maximum Likelihood to the Calculation of the Dosage Response 
Curve", American Statistical Association Journal , 45 ; 181 -21 0 
(1950). 
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R esuUs and Di scussion 

Therniogravimetric A nalys es (TGA) . A computer plot of 
the therinocfegradation of each test material Is presented in 
Figures 1 through 15, Each material was tested 1n air and 
nitrogen to obtain an Indication of the importance of oxidative 
degradation vs. a non-oxldatlve atmosphere, 

During the TGA runs, it was noted that the platinum weigh- 
ing pans tended to fail (develop a hole, etc,) after repeated 
use, This would suggest the possibility of reaction between 
the pyrolysis products and the platinum, an observation also 
noted with the platinum wire furnace. Therefore, the TGA 
data must be considered as approximations where the patterns 
of decomposition of samples are probably real, but too much 
significance should not be attached to exact sample residue 
weights or percentages, 

Significant information from the TGA experiments is sum- 
marized, grouped by sample, and presented in Tables 2 through 
6 . 

Comparative Toxicity of Samples , The LD 50 values for each 
sample material, for chamber deaths, cumulative deaths through 
48 hours, and cumulative deaths through 14 days post-exposure 
are presented in Table 7. Summary data from Individual 
pyrolys 1 s/combust 1 on experiments used in determining the LD50 
values for the sauiples are presented in Tables 8 through 12. 
These show sample weights, percent pyrolyzed, mortality, mean 
COHb, oxygen, carbon dioxide, carbon monoxide, hydrogen cyanide, 
and water vapor values. 
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Based upon lethality from initial sample weights, the 
KAU foam (Y-7387) was the most toxic of these samples, with 
the UNI form (Y-7388) as a close second*, the LDjo values for 
these two samples were very close and their 95% confidence 
intervals were overlapping. The Minicell sample (Y-7391) had 
a higher LDso, but also a larger range for its 95% confidence 
interval, thus its 95% confidence interval also overlapped those 
of the KAU and UNI foams. The other two samples required sig- 
nificantly larger quantities to obtain an LDgo, with the Adhe- 
sive backed Metallic Tape (Y-7389) requiring the most sample. 
This information is contained in Table 7. 

Table 13 incorporates the theoretical percent decomposition 
of samples (from T6A data) with the sample weights required 
to kill 50% of the exposed rats, The KAU and UNI foams were 
essentially completely degraded by the heat, but the other 
samples left a residue of about HO to 80% of the initial sam- 
ple weight, as indicated from Table 13. Table 14 presents 
a ranking of these samples, from least toxic to most toxic, 
based upon (I) the initial sample weight, and (II) from the 
theoretical quantity of the sample pyrolyzed/combusted. 

Autopsy . 'Gross observations, for the most part, were 
rather nonspecific with non-consi stent changes in coloration 
and/or teAture of internal organs. Suggestions of pulmonary 
hemorrhage, of varying degrees, was observed fairly frequently, 
but not always, in animals dying in the chamber and those 
sacrificed two weeks later. A dark colored debris, presumably 
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particulate matter from pyrolysis, was noted in the pulmonary 
system of chamber deaths from Y-7390 (RTV Silicone Rubber 
Adhesive Sealant) . 

Histological examination revealed acute pulmonary con- 
gestion and edema in many of the animals, which were generally 
diffuse and ranged from mild to severe. Pneumonitis was seen 
in some acute exposure animals (chamber deaths), which did not 
seem to be related to pyrolysate exposure but may, at times, 
have been a contributory factor to death of the animal. There 
is the impression, however, that pyrolysate exposure tended 
to intensify or to create pulmonary and tracheal .disorders/ 
disturbances in many of the animals sacrificed 14 days post- 
exposure. Foreign debris were seen in the trachea and/or 
lungs of a few animals exposed to pyrolysates from Y-7391 
(Minicell), but generally not as common or severe as with 
Y-7390. Pyrolysate exposure to sample Y-7390 (RTV Silicone) 
produced massive accumulation of debris in the respiratory 
system of exposed rats. From the amount of accumulation it 
would appear that the rats dying in the chamber was the 
result of suffocation from respiratory blockage. A summary 
of the hi stopathol ogical evaluation for each sample is pre- 
sented in Tables 15 through 19. An example of histological 
data accumulation and summarization is presented in Exhibit 
A, at the end of this report. 

Comments about Y-7390 . This sample, RTV Silicone Rubber 
Adhesive Sealant, was received as a paste in a tube. It was 
extruded onto glass and allowed to cure at room temperature 
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for at least ?A hours prior to testing. During heating for 
pyrolysis, the sample tended to intermittently burst into 
flames and gave off a copious greyish-brownish soot. Rela- 
tively large quantities of this sample had to be pyrolyzed 
to kill the exposed rats. The smallest sample weight (i.e,, 
sample weight after "curing" and air-drying) to produce a 
mortality was 23.87 gm. Once this critical sample size was 
reached, however, the mortality curve was quite steepj a sample 
weight of 26.68 killed all of the exposed rats. On the other 
hand, consistency of the mortalities was not good, since an 
intermediate quantity (25.24 gm) did not kill any of the exposed 
rats. Blood levels of COHb, from rats dying in the chamber, 
were low (27% to 41%); below levels which we have found in the 
past were necessary to kill rats. Concurrently, the detected 
levels of HCN, NO, NOg or HCl were also very low in the chamber 
atmosphere, thus rat mortality could not be attributed to either 
of these compounds. 

Therefore, the evidence (including hi stopathology) would 
suggest the lethal effect of the RTV Silicone (Y-7390) was 
due to physical obstruction of respiration by particulate matter 
formed during pyrolysi s/combustion. This prompted us to attempt 
to determine the lethality of this sample in the absence of 
the particulates. There was no practical way of doing this 
without significant changes in the method of pyrolysis and/or 
exposure, so we decided to compromise and look at the mortality 
when the quantity of particulate matter is reduced, but not 
totally eliminated. This was done by attaching a small vacuum 
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cleaner bag over the outlet of the squirrel cage blower (used 
to mix and circulate the atmosphere within the exposure chamber), 
thus as the air is drawn through the fan, the larger particles 
would be retained in the bag rather than recirculated through- 
out the chamber. The problem with this, however, is that the 
air-vapor-particulate mixture does not necessarily pass through 
the fan before reaching the rats, and, further, the minimum 
particle size retained by the bag may not be as small as would 
be desirable. 

This "filtration" process provided limited success. In 
the original experiment (without any filtration), 26.68 gm of 
the sample produced 100% chamber mortalities; in experiments 
with the crude filter, sample weights of 26.68 gm and 33.35 
gm did not produce any deaths (either chamber or during the 
14-day post-exposure period) and about 2 gm of particulate 
matter was trapped in each test. It was desired to obtain an 
LDjo for the sample without the particulates, but (a) the 
filtration procedure used reduced, but did not eliminate 
particulate matter, and (b) only 34.4 gm of the sample remained. 

A third experiment was conducted with the remainder of the sample 
using the vacuum cleaner bag filter, as described above, and 
the 34.4 gm was pyrolyzed/combusted . This time there was 100% 
chamber mortality. Although about 2 1/2 gm of material was 
collected in the bag (filter), a pronounced layer of brownish 
soot was deposited throughout the interior of the exposure 
chamber, attesting to the inefficiency of the filtration pro- 
cedure. Autopsy of the rats (both gross observations and 
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hlstological examination) revealed their respiratory tracts 
were filled with brownish to black debris. 

In conclusion, the LDso for the RTV Silicone sample (Y- 
7390) when pyrolyzed/combusted in the exposure chamber was 
25.6 gm (955^ confidence interval of 24.9 and 26,3 gm), however 
accumulated data indicate this was not due to toxic gases, but 
rather from physical obstruction of the respiratory tract by 
particulates generated in the pyrolysis/combustion process, 

Summary and Conclusions 

Toxicity of pyrolysis/combustion products from these 
spacecraft materials, based upon lethality to exposed rats, was 
summarized in Tables 7 and 13, and a ranking of samples accord- 
ing to lethality of their pyrolysis products in Table 14. Data 
such as these, if available for all candidate materials, can 
be quite useful in selecting those materials for use in space- 
craft which pose tne least toxic hazard to the occupants if 
localized overheating should occur. It is important, however, 
that all data used in the relative toxicity assessment be gen- 
erated under the same experimental conditions, since the LDso 
values obtained for materials may vary considerable when ob- 
tained under varying conditions of pyrolysis/combustion and 
animal exposure as discussed in the "Introduction". 

Other considerations in selection of the best of the can- 
didate materials include factors such as (normal) working 
maximum temperature in desired application, temperature at which 
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theniiod.<»(jradation is initiated, density of material , total 
quantity Of material for the particular application, the tenden- 
cy for the material to support combustion, etc., in addition 
to the inherent toxicity of the pyrolysis products produced by 
the material . 

The T6A indicate that four of these five materials (all 
except the RTV Silicone) begin to degrade at relatively low 
temperatures (approximately 200°C or less) although it required 
an excess of 700°C to complete degradation. Thus the use of any 
of these four materials might be suspect for any application 
in which the maximum temperature, which might be expected 
during operation, would reach 150'’ to 200°C or more. 

Pyrolysis/combustion of Y-7390 (RTV Silicone) tends to 
occur with intermittent bursts (presumably of spontaneous 
combustion) and the formation of rather dense particulates or 
grey to black soot (described by one technician as "volcanic 
eruptions"). Mortalities of rats exposed to the pyrolysis/ 
combustion products of this material appeared to result from 
mechanical suffocation due to accumulation of this "soot" in 
the respiratory tract. The dense particulates also tend to 
markedly restrict vision, and might cause failure of mechanical 
equipment as the,/ settled out. 

Temperature control inside the exposure chamber was also 


★ 

Consider, as an illustration, two foams used as a seat cushion: 
foam "A" may produce more toxic pyrolysis products than foam "B" 
on a weight basis, but foam "A" is also more resilient and is 
lighter (less weight per unit volume) than foam "B". Thus it 
is possible that when considered as a functional unit^ the 
seat cushion made of foam "A" may be less toxic than the seat 
cushion made of foam "B". 
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a problem with pyrolysis of some of the materials, particularly 
Y-7389 and Y-7390, because of the difficulty in obtaining maxi- 
mum thermodegradation of the samples, As presented in Tables 
10, n and 11-a, the exposure chamber maximum temperatures 
frequently exceeded the desired maximum of 35®C (95°F). These 
excess temperatures wore not, in themselves, lethal to the 
rats as shown by all rats surviving exposure to some of the 
higher temperatures. This may be due to the relatively short 
time the rats are exposed to these higher (>35°C) temperatures . 
However the possibility cannot be excluded that the elevated 
chamber temperature might have potentiated the toxicity of the 
pyrolysate generated. While ambient temperatures in the expo- 
sure chamber might have been kept to lower levels by insertion 
of a cooling coil into the chamber or by cooling top and sides 
of the chamber, these were avoided because of the concern 
that they would lead to increased condensation or deposition 
of substances in the pyrolysate, thereby negating the theoret- 
ical advance of in-chamber pyrolysis over outside-of-chamber 
pyrolysis. 
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Table 1 


IDENTIFICATION OF SAMPLES 
(Spacecraft Materials) 


Y-7387 KAU Foam (gray foam) 

Y-7388 UNI Foam, S82H (gray foam) 

Y-7389 Adhesive Backed Metallic Tape, Scotch 
Brand (3M) 

Y-739Q RTV Silicone Rubber Adhesive Sealant, 
General Electric, RTV 159, Red 

Y-7391 Minicell L-200 coated with Fluorel 

(blue foam with light gray, almost 
white, coating on outside. This 
coating can be peeled off of foam 
block.) 
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enclosed in parentheses. Other values v/ere obtained from gas detector tube readings. 
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Table 14 

RANKING OF SAMPLES BY LETHALITY FROM EXPOSURE 
TO PYROLYSIS/COMBUSTION PRODUCTS 

I . Based Upon Initial Weight of Sample 

Least Toxic Y-7389 Adhesive Backed Metallic Tape 

Y-7390 RTV Silicone Rubber Adhesive 
Sealant 

Y-7391 Minicell L-200 Coated with 
FI uorel 

Y-7388 UNI Foam, S82H 

Most Toxic Y-7387 KAU Foam 

1 1 . Based Upon Quantity of Sample Pvrol vzed/Combusted 
(Experimental Value) 

Least Toxic Y-7390 RTV Silicone Rubber Adhesive 

Sealant 

I Y-7389 Adhesive Backed Metallic Tape 

Y-7387 KAU Foam 

Y-7388 UNI Foam, S82H 

Y-7391 Minicell L-200 Coated with 
FI uorel 


Most Toxic 
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Table 15 

SUMMARY OF HISTOPATHOLOGIC EVALUATION 


Sample; Y- 7387 KAU foam 


Histopathologic features observed in organs/tissue of rats 
exposed to pyrolysis/combustion products of this material suggest 
inhalation of these products produced the following; 

Two out of four animals showed evidence of congestion and edema 
acute, diffuse, moderate and atelectasis, diffuse, moderate to 

S G V 6 r 6 . 

The other 2 of four animals showed evidence of chronic pulmonary 
disease such as bronchopneumonia, chronic, focal, moderate to_ 
severe which was not related to inhalation exposure but contributed 
to the death of the animals. 


Histopathologic features observed in organs/tissues from rats 
exposed to pyrolysis/combustion products of this material suggest 
the following are delayed reactions (pathologies) which resulted 
from such exposure: 

Twelve out of 21 animals showed hemorrhage, acute, mild to massive. 

Nine of these 12 (9/12) also showed bronchopheumoni a , chronic, focal, 
mild to moderate*, and/or atelectasis, focal to diffuse mild to 
severe*, and/or emphysema, focal to diffuse, mild to severe. Of 
the remaining 9 of 21 animals, 3 of 21 showed bronchopneumonia, chronic 
focal, mild to moderate and one of these 2 also showed pneumonitis, 
clironic, focal mild, one of 21 showed multiple lung abcesses, three 
of 21 showed atelectasis, focal, moderate, 2 of 21 showed pneumonitis, 
focal , chronic , mi 1 d . 


(Note! This summary should exclude any abnormality which does not 

appear to be related to inhalation exposure of the rats to the pyrolysates . ) 
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Table 16 

SUMMARY OF HISTOPATHOLOGIC EVALUATION 


Sample: Y- 7388 UNI Foain, S82H 

Histopathologic features observed in organs/tissue of rats 
exposed to pyrolysis/combustion products of this material suggest 
inhalation of these products produced the following: 

Six out of six showed pulmonary congestion and edema, acute, di f-fuse 
mild to moderate; 1 of the six showed atelectasis focal mild. 


Histopathologic features observed in organs/tissues from rats 
exposed to pyrolysis/combustion products of this material suggest 
the following are delayed reactions (pathologies) which resulted 
from such exposure: 

Two out of 5 showed bronchopneumonia, chronic, focal, mild to moderate. 


(Note! This summary should exclude any abnormality which does not 

appear to be related to inhalation exposure of the rats to the pyrolysates. 


SUMMARY OF HISTOPATHOLOGIC EVALUATION 


Sample: Y- 7389 Adhesive Backed Metallic Tape, Scotch Brand (3M) 


Histopathologic features observed in organs/tissue of rats 
exposed to pyrolysis/combustion products of this material suggest 
inhalation of these products produced the following: 

Five out of 6 animals showed pulmonary congestion and edema diffuse 
acute, mild to moderate, 2 out of 5 also showed atelectasis, focal, 
mild to moderate. One out of 6 showed massive acute hemorrhage. 


Histopathologic features observed in organs/tissues from rats 
exposed to pyrolysis/combustion products of this material suggest 
the following are delayed reactions (pathologies) which resulted 
from such exposure: 

Three out of 7 showed pneumonitis chronic focal, mild. 

Two out of 7 showed bronchopheumoni a , focal, chronic, mild to severe 
and one out of 7 also showed vasculitis, chronic, diffuse moderate. 
One out of 7 showed no pathologic changes. 


(Note! This summary should exclude any abnormality which does not 
appear to be related to inhalation exposure of the rats to the pyrolysates 



SUMMARY OF HISTOPATHOLOGIC EVALUATION 


Sample: Y- 7390 RTV Silicone Rubber Adhesive Sealant 


Histopathologic features observed in organs/tissue of rats 
exposed to pyrolysis/combustion products of this material suggest 
inhalation of these products produced the following: 

Three out of three animals exposed to non-filtered pyrolysis/ 
combustion products of Y-7390 showed massive debris within the 
pulmonary tree sufficient to suffocate the animal. 

One out of two animals exposed to filtered pyrolysi s/combust1on 
products of Y-7390 showed a severe rnucus-hemorrhagic exudate of 
the pulmonary tree which was sufficiently severe to be a contri- 
butory factor in the animal's death; the other animal showed 
evidence of previous pulmonary disease which was sufficient to 
contribute to the animal's death. 


Histopathologic features observed in organs/tissues from rats 
exposed to pyrolysis/combustion products of this material suggest 
the following are delayed reactions (pathologies) which resulted 
from such exposure: 

In the low dose groups (9.76 - 21.35 gm), 3/5 animals showed 
pneumonitis, acute and/or chronic, focal, mild to moderate. At 
higher doses (22.57 - 33.35 gm), 5/8 showed a variety of pulmonary 
lesions, such as pneumonitis, chronic, focal, mild to moderate; 
vasculitis, chronic, focal to diffuse, mild to severe; broncho- 
pneumonia, chronic, mild; tracheitis, chronic, focal to diffuse, 
mild to moderate. 

There appears to be no significant difference in pulmonary lesions 
between those animal exposed to the "filtered" vs. "non-filtered" 
pyrolysis/combustion products. 


(Note I This summary should exclude any abnormality which does not i 

appear to be related to inhalation exposure of the rats to the pyrolysat^ 
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Table 19 

SUMMARY OF HISTOPATHOLOGIC EVALUATION 


Sample: Y- 7391 Minicell (L-200 Coated with Fluorel) 


Histopathologic features observed in organs/tissue of rats 
exposed to pyrolysis/combustion products of this material suggest 
inhalation of these products produced the following: 

Five out of 7 showed congestion and edema, acute, diffuse mild to 
severe. One of 7 showed hemorrhage acute, moderate. One of 7 
showed changes not related to inhalation exposure such as pneumoni- 
tis acute and chron i c , diffuse moderate. 


Histopathologic features observed in organs/tissues from rats 
exposed to pyrolysis/combustion products of this material suggest 
the following are delayed reactions (pathologies) which resulted 
from such exposure: 

Seven out of 8 showed pneumonitis, acute and chronic, focal to 
diffuse, mild to severe. Of the 7, 3 of these (3/7) also showed 
bronchopneumonia, chronic, focal mild to severe. Two out of 7 
showed atelectasis focal, mild, one of 7 showed vasculitis focal 
chronic mild, and congestion and edema acute diffuse mild. 

One out of 7 showed congestion, acute, diffuse pulmonary and black 
debris in the trachea. The remaining one of the seven animals 
showed pneumonitis acute and chronic moderate to severe which may 
or may not be related to inhalation pyrolysates. 


(Note! This summary should exclude any abnormality which does not 
appear to be related to inhalation exposure of the rats to the pyrolysates 
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Exhi bi t A 

Example of histopathologic data accumulation 
and reduction to summary as presented in 
Tables 15 through 19. Summary of these data 
is presented in Table 18. 
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/ Y- 7 H.?bata Ref ; T* r -ff > J 


Specimen ; CJ /j ) 

Species 

Date (Treatment /Sacrifice) ; 





Duration;, 


i iW f'e:'" vS 


Reason; ■ S., 


Process Completion Date_ 


AUTOPSY REPORT OR MICROSCOPIC SUMMARY ; 
BRAIN 

"^EART 

AORTA 




'^iver1>w^ 




GALLBLADDER 
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PT . Q. / 7 5 (b 2^/^) Data Ref; ^ 

Spec Imen ; (Dru ^ .t 

Species ; Group / ^ ; No. "2— 

Date (Treatment /Sacrifice) ' /’b/hO .. . 

Dura 1 1 on ; 'P ; Reason ; ,t. e. 

Process Completion Date 

AUTOPSY REPORT OR MICROSCOPIC SUMMARY ; 

BRAIN 

‘^EART ^^jaJ ^ 

AORTA ~ 

^ J/as CMU^fU — l^tUJLC — — tkU u X^ . 

^LUNGS. /< C , 

■ ' ..^■— 

TtH. 27 . ^ .L L hAn^JC^ hlF^^Se: 

GALLBLADDER 
^SPLEEN L 

^aPNEY uV /J ~ 

.^ADRENA L lAVy^ ~ 

BLADDER ' 


GONADS 


PANCREAS 


STOmCH 


SMALL INTESTINE 


LARGE INTESTINE 


TONGUE 


ESOPHAGUS 




TRACHE A \afit4\Hi'tA f^o/ 4/t Ai/t p 



f/igator /Technician 
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rr 0. Zc.Crft Data ReC. 

vSpociiiion: 

Speci cs__ ^ j 'Jy ; Group 

Date (Trentmcnt/Sacrificc) : /(¥~ / ^ " / 

Duration: 8 /hi * I Reason 

Process Completion Date 

AUTOPSY REPORT aOR MIGRQSCOPIZO SUMNiARY ; 



; No . -Z 

if 

I I'ns! 


u^iiHART t/ 




vx^LlVER L7" (» 
G7\ri;iO)DHR 


S PIUiiiN 


^KIDNEY 


ADiUi.NAL 


r'llLAIlijllR 1/ 




^B.SOiMIACUS 

^iAi;Trii7\“r 




!i>a tor/Teciinician 
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Y- ti>?( ‘ Data Ref! /Q / 


Specimen; 


■/, ■ 


Species C. Hux ; Group 

Date (Treatment /Sacrifice) : ' ^Ibo 

Duration; *T)>t»iA \ia C7<t>*-'vl-n->/- ; Reason 

Process Completion Date^ 


; No* J2 


AUTOPSY REPORT OR MICROSCOPIC SUMMARY ; 
BRAIN 


V HEART_ 


AORTA 


^ LUNGS 





LIVER 


GALLBLADDER 




V' SPLEEN 




^ KIDNEY_ 
^^ADRENA L 


BlaADDER 


GONADS 


PANCREAS 




STONIACH 




SMALL INTESTINE 




LARGE INTESTINE 


TONGUE 


ESOPHAGUS 
\ TRACHEA 




Inv^tigator/Technician ' Dat'e 
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r 


PT 0 » / / 


Y- 


Data Ref; ^ 


Specimen ; 


Snecies Li t Groups 


No., 




Date (Treatment /Sacrifice) ; // /•7> / " 'sit 

Duration; (_> ; Reason; M hid. 

Process Completion Date 


AUTOPSY REPORT OR MICROSCOPIC SUMMARY ; 
BRAIN 


HEART 


'' 




vlungs 










LIVER 




GALLBLADDER 


V SPLEEN 
VKIDNEY^ 


V, 


ADRENA L 


BLADDER 


GONADS 


PANCREAS 


STOMACH 


SMALL intestine 


LARGE INTESTINE 


TONGUE 
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PT . 0. Y- 7 A / Data Ref; / XO’> / 

Spec imen : SiX^^Lj 

Species » Group t No . / 

Date (Treatment /Sacrifice) \ ^ 

Duration* Z,, Reason; 


Process Completion Date, 


AUTOPSY REPORT OR MICROSCOPIC SUMMARY ; 

BRAIN 

^HEART flc taC 


AORTA 

'^LUNGSX ■J'-v lA f^ttL CH 

<6 5icVt^6 i^^r^cUWt\ Ai l Lh — J. 

^T.ivE R ^ /vu L_ ! \JA$tJun'Vj-Ud^j^ ^ ^ 



GALLBLADDER 

^SPLEEN ~~I 


V KIPNl'^Y 


-^ADRENA L Ky/^(_ 
BTADDER 


GONADS 


PANCREAS 


STOMACH 


SMALL INTESTINE 


LARGE INTESTINE 


TONGUE 


ESOPHAGUS__ 

)<TRACHEA ^'TT^ 





Investigator/Technician Date 
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( /V/tv/ Data Ref? ^ I ? l. 


Y- 7 3^‘ 


Specimen? 


? c) 


Species ; Group__ 

/ J 

Date (Treatment/Sacrtfice) ? 

Duration? ? ; Reason ? v W- V 


; No.„^ 


/ / 

/ 'f ? f> BO 


Process Completion Date^ 


AUTOPSY REPORT OR MICROSCOPIC SUMMARY ? 
BRAIN 




HEAR T 


AORTA 


* 

^LUNGS \/^r. I , r li f Pl^PUf^ . 

AlOQf^Tg . foc^C^c.JlZ i 

^IVE R ^ ^ ^p^y/SCAJT iTf^i^ 

1 Ai6i4m^ 


GALLBLADDER 


S-s*i 


SPLEEN 




‘•KIDNEY 


XiUML 


^ADRENAL UJf^O 


BLADDER 


GONADS 


PANCREAS 


STOMACH 


SMALL INTESTINE 


LARGE INTESTINE 


TONGUE 


ESOPHAGUS 


ScTRACHEA. zifzii 


41 


'U^,r >^Uf) ti 







/Technician Date 
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PT .0* I 


Data Ref; 


Specimen ; 

Species >K» -jf 


Species Ci II -> Grou p I ; No. ^ 

Date (Treatment /Sacrifice) ; ^ ^6u / * ^ 

Duration; 7 . Reason; ■ ^ 

Process Completion Date . 

AUTOPSY REPORT OR MICROSCOPIC SUMMARY ; 

BRAI N 

HEAR T \jJhL^ 

AORTA ' 


y LUNGS A4 ^ t’ 
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PT 0» Y. 7 h‘/o ( rv Data Ref; ^ a " ■/ 

Spec Imen ; > . . . 


Species ; Group i 

Date (Treatment/Sacrifice) : » ^ ^ /s u 
Duration; • Reason ; . !> 4c c &' 


; No.. 


Process Completion Date, 


AUTOPSY REPORT OR MICROSCOPIC SUMMARY ; 
BRAIM 


‘HEAR T 


AORTA 



fCti/UMyT ^ 

\/A^toUTi\ f F»c/ 7<- j r/-//to«vrc f 






Ji: 



GALLBLADDER, 
'^SPLEEN “ 




a {V:S^SW f fAf^Cai(^ 
tb S^\/t€<i 


KIDNE Y UlT 


•'ADRENAL 


I A ^ 


I 


BUDDER 


GONADS 




PANCREAS 






STOmCH 


SMALL INTESTINE.., 


LARGE INTESTINE 


TONGUE 


ESOPHAGUS 


-^TRACHE A •r/2At/i/r^m 


3/2^iO 

Itivei<n^g"ator/Technician Date 



Matieriala Science Toxicology Laboratorlei . * r * » 
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PT . 0- nhU Y-7^qQ Data Ref;,/lijT I ? O 25. 

Specimen; 

Snecles Crou p ^ Z ; No. / 

Date (Treatment /Sacrifice) ; ■ z ^ 

Duration; '2.(Z) ; Reason;, C * 

Process Completion Date 

AUTOPSY REPORT OR MICROSCOPIC SUMMARY ; 

BRAIN 

?^HEART fA;^A> 

AORTA 

, £ka>ifi ^sMOi. rM:Lu..f^./!^jc.A .... , ^ — 



GAJ.LBUDDE R 
VSPLEE N /hmUfOK 

-^iDNEY„ „„/3^rai yiu_, ' ... 

VADRENA L /Outbhf<, i 

BUDPE R 
GONADS 
PANCREAS 
STOMACH 

SMALL INTESTINE 
LARGE INTESTIN E 
TONGUE 


ESOPHAGUS 




f 


I 


f 
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Data Ref! J / Z OlQ^ 


t ^ !,#%»’ 4 ^ * 

JP * I ^ f 


Specimen • jLhj^ 


\ /'/»/>■)/*** 


Species lu\ i' f i?hL 0 A Group 

e) ! / ttli4 1^0 
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Date (Treatment /Sacrifice 
Duration! 2-C^ 


Reason! /'r 


Process Completion Date. 


AUTOPSY REPORT OR MICROSCOPIC SUMMARY ! 
BRAIN I 

"^ear t 


AORTA ^ 

/ 1 1 - * 

>^LIVE R /CW.iV • '^ 2c^ jV^»/ C^_ eififfeS S (4 

Aijn^}iS'Li 

GALLBLADDER 

^SPLEE N 


)^IDNEY 


><ADRENA L 


BUDDER,, 


GONADS 


PANCREAS 


STOMACH 


SMALL INTESTINE 


LAfi'E INTESTINE 


TONGUE 



is 




s< TRACHEA 



